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ORDERED OR RANDOM M I X I N G  : 
C H O I C E  OF SYSTEM AND M I X E R  

Chee Wai Y i p  and J.A. Hersey 
V i c t o r i a n  Co l l ege  o f  Pharmacy 

Parkv i  1 l e ,  A u s t r a l  i a ,  3052 

When c o n f r o n t e d  w i t h  a powder m i x i n g  o p e r a t i o n ,  t h e  

J r o p e r t i e s  o f  t he  m a t e r i a l s  have t o  be i n i t a l l y  cons idered.  I f  

they a r e  f r e e  f l o w i n g ,  they w i l l  be sub jec ted  t o  random m i x i n g  

and t o  seg rega t ion .  A s u i t a b l e  m ixe r  w i l l  be chosen l a r g e l y  on 

the  b a s i s  o f  a v o i d i n g  dead-spots, r a p i d  randomisat ion and 

a v o i d i n g  seg rega t ion .  

I f  t h e  m a t e r i a l s ,  ( o r  one o f  them) (3re cohesive, then they 

w i l l  be mixed by an o rde red  mechanism and w i l l  n o t  be s u b j e c t  t o  

seg rega t ion .  Even i f  t h e  c o n s t i t u e n t s  a r e  f r e e - f l o w i n g ,  i t  may 

be des i rous  t o  make them cohesive by rediJcing p a r t i c l e  s i z e  o r  

a d d i t i o n  o f  a s u i t a b l e  adhesive agent .  

The cho ice  o f  m ixe r  f o r  an o rde red  m i x i n g  o p e r a t i o n  

r e q u i r e s  avoidance of dead-spots, and break down of c o h e r i n g  

agglomerates, w h i l s t  b u i l d i n g  up o rde red  m ix  u n i t s .  M ixe rs  

s u i t a b l e  range f rom tumbl i n g  mixers through t o  h i g h  speed m ixe r  

g r a n u l a t o r s .  The c l a s s i f i c a t i o n  o f  m ixe rs  acco rd ing  t o  t h e i r  

p o s s i b l e  a b i l i t y  t o  produce an o rde red  miixture i s  t he  s u b j e c t  

o f  t h i s  paper. 
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430 YIP AND HERSEY 

INTRODUCTION 

The randomisation process has, f o r  many years, been 

considered as the on ly  method o f  powder mixing. The theory 

requires tha t  the p a r t i c l e s  are f ree - f l ow ing  and o r  equal 

s i ze  and dens i ty .  I n t e r a c t i o n  between p a r t i c l e s  i s  no t  

al lowed and the shape and surface p roper t i es  o f  the p a r t i c l e s  

random fashion, i n  

between p a r t i c l e s  

p a r t i c l e s  a re  no t  

should not a f f e c t  t h e i r  a b i l i t y  t o  mix i n  a 

a t r u l y  s t a t i s t i c a l  sense (Ref.1 and 2 ) .  

Ordered mixing requ i res  an i n t e r a c t i o n  

such tha t  adherence o r  coat ing  occurs. The 

required t o  be o f  equal s ize,  o r  equal dens 

Surface forces i n  a t  l eas t  one o f  the powde 

t y  o r  shape. 

s should be such 

tha t  a h igh  degree o f  adhesion w i l l  occur (Ref. 3)  

I n  powder mix ing  p rac t i ce ,  i t  i s  improbable t h a t  the 

s i t u a t i o n  where random mixing could occur would ever be 

achieved. Much o f  the work on eva lua t ion  o f  mixers and o f  

the powder mixing process towards homogeneity has, however, 

been based on the dubious premise tha t  random mix ing  occurs. 

I t  i s  necessary t o  d is regard  much o f  the publ ished work i n  t h i s  

area f o r  t h i s  reason. 

The powder techno log is t  confronted w i t h  a powder mix ing  

problem has two choices: 

( i )  - the choice o f  which mixer t o  use 

( i i )  - the choice o f  an ordered mix ing  o r  a 

random mixing approach t o  the problem. D
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ORDERED OR RANDOM MIXING 4 3 1  

These two e lec t i ves  are  no t  inseparable and depend la rge ly  

on the ma te r ia l s  t o  be mixed and the degree o f  homogeneity t o  

be a t ta ined .  Having chosen the system the techno log is t  w i l l  use, 

he can then choose the mixer. 

PROPERTIES OF THE MATERIALS 

Given a system o f  f ree- f low ing  powders t o  mix, the powder 

techno log is t  w i l l  look c lose ly  a t  random mixing as the method o f  

choice. 

powder, bu t  one o f  the more simple i s  ari est imate o f  the angle 

o f  repose. This w i l l  a l s o  serve t o  d i v i d e  mater ia ls  i n t o  those 

which a re  l i k e l y  t o  mix by an ordered or' by a random process 

(Ref. 4) .  Powder f l ow  depends on par t i c : le  s i z e  (see F ig .  I ) ,  

p a r t i c l e  shape and surface forces, moisture content e tc .  Below 

about 100pm, p a r t i c l e s  become cohesive a s  shown by a dramatic 

increase i n  t h e i r  angle o f  repose. A t  about lOOpm, t he  angle 

o f  repose i s  low and l a r g e l y  independent. o f  p a r t i c l e  s ize .  I n  

the former region, ordered mix ing  w i l l  occur - even i f  o n l y  one 

o f  the  ingred ien ts  has a p a r t i c l e  s i ze  i n  t h i s  region. I n  the 

l a t t e r ,  non-cohesive, region, powder mix ing  w i l l  occur by a 

randomi s a t  i on  process. 

There are  many methods o f  gauging the f l o w a b i l i t y  o f  a 

I r r e g u l a r  shape, h igh  surface fo rces  or h igh  moisture 

contents w i l l  a l s o  decrease the  f l o w a b i l i t y  o f  powders making 

them m r e  prone to ordered than random mixing. 

powders must a l s o  have very s i m i l a r  p a r t i c l e  s izes i f  they are  

t o  be mixed by a randomisation process. 

Two f ree - f l ow ing  

I f  t h e i r  s izes (and t o  D
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4 3 2  YIP AND HERSEY 

/ 
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0 random mixing 
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/ 
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I I I I I 

300 loo Particle size pm 

F i g .  I Regions of mixing systems 

a less ex ten t ,  t h e i r  dens i t i es )  a re  d i s s i m i l a r ,  the r a t e  o f  

segregation w i l l  exceed the r a t e  o f  mixing. For the r i g h t  

system, the best powder mixers can be used t o  achieve almost 

pe r fec t  separat ion o f  the ingred ien ts !  Such systems have been 

used i n  an at tempt t o  evaluate some mixer ' s  performance. 

The mater ia l  p roper t i es  can always be changed t o  s u i t  the 

problem. P a r t i c l e  s izes can be reduced t o  e i t h e r  make the two 

powders s i m i l a r  f o r  a random mix ing  opera t ion  or  t o  make them 

(o r  one o f  them) s u f f i c i e n t l y  cohesive f o r  ordered mixing t o  

occur.  Comminution w i l l  a l so  reduce shape e f f e c t s  and increase 

surface forces. Drying w i l l  agglomerate the powder and make i t  

m r e  f ree  f lowing. The a d d i t i o n  o f  moisture (o r  o the r  so l ven t ) ,  

w i t h  o r  w i thout  the a d d i t i o n  o f  adhesive agents, w i l l  increase 

the  cohesive na ture  o f  the powder. Thus the powder techno log is t  
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ORDERED OR RANDOM MIXING 4 3 3  

has a v a r i e t y  o f  methods a t  h i s  disposal  t o  inf luence the 

system t o  operate as e i t h e r  a random mixing o r  an ordered mixing 

process. 

T H E  D E S I R E D  HOMOGENEITY 

Before any mixing operat ion,  the desired homogeneity must 

be known. 

genei ty a simple c a l c u l a t i o n  based on Lacey's (Ref. 2) equation 

f o r  the t h e o r e t i c a l l y  randomised mix i s  necessary, 

For random mixing t o  occur t o  t h i s  degree o f  hom- 

Where x and y a re  the propor t ions  o f  the t w o  ingred ien ts  and 

N i s  the number o f  p a r t i c l e s  i n  the sample - the s i ze  o f  which i s  

f i x e d  by the end-use o f  the mix. Assuming a normal d i s t r i b u t i o n ,  

a l eve l  o f  30, i s  reasonable, where UR i s  the theo re t i ca l  

standard dev ia t i on  o f  the completely randomised mixture, t o  

equate t o  the desired homogeneity l i m i t s .  Other equations e x i s t  

where the p a r t i c l e  s i ze  i s  d i s t r i b u t e d  (Ref. 5) o r  where 

mu1 ticomponent systems are  used (Ref. 6 ) .  

Fhese ca l cu la t i ons  y i e l d  a leve l  o f  p a r t i c l e  s l ze  required 

f o r  random mixing t o  occur. I f  the powder has a maximum 

p a r t i c l e  s i ze  i n  excess o f  t h i s  f i g u r e  the p a r t i c l e  s i ze  must 

be reduced i f  the desired homogeneity i s  t o  be achieved b y ' a  

random mixing operat ion.  

I f  the p a r t i c l e  s i ze  y i e l d s  a f i g u r e  i n  the cohesive 

range o f  the mater ia l ,  then the mater ia l  will e i t h e r  form 
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agglomerates which w i l l  e i t h e r  

f a s h i o n  - the  d e s i r e d  homogene 

m ix  as 

Y I P  AND HERSEY 

lumps i n  a random 

t y  w i l  n o t  be a t t a i n e d ,  o r  they 

w i l l  be broken up and adhere t o  the o t h e r  m i x  p a r t i c l e s  

(o rde red  m i x i n g )  - t o  ach ieve  the d e s i r e d  homogeneity. Thus 

the  d e s i r e d  degree o f  homogeneity w i l l  a l s o  i n f l u e n c e  t h e  

cho ice  o f  t he  system. 

RANDOM OR ORDERED M I X I N G  

Examinat ion o f  the  m a t e r i a l s  and o f  t h e  d e s i r e d  degree o f  

homogeneity w i l l  i n f l u e n c e  t h e  c h o i c e  o f  a random o r  o rde red  

m i x i n g  process.  

I t  i s  u n l i k e l y  t h a t  t h e  necessary c o n d i t i o n s  f o r  random 

m i x i n g  w i l l  ever  be found i n  p r a c t i c e ,  except  i n  a r t i f i c i a l  

systems. Fur thermore seg rega t ion  occurs so r e a d i l y  t h a t  

a l t hough  a reasonable m i x t u r e  c o u l d  be produced, empty ing the  

m ixe r ,  f u r t h e r  p rocess ing  o r  t r a n s p o r t a t i o n  o f  t h e  m i x t u r e ,  

y i e l d s  u n s u i t a b l e  l e v e l s  o f  homogeneity. 

Ordered m i x t u r e s ,  because p a r t i c l e s  a r e  bound by adher ing  

forces a r e  f a r  l e s s  prone t o  seg rega t ion  (Ref .  7 ) .  They a l s o  

a r e  capable o f  v e r y  h i g h  l e v e l s  o f  homogeneity (Refs.  8 E 9 ) .  

A s imp le  t e s t  has been dev i sed  t o  check t h a t  o rde red  

m i x i n g  i s  o c c u r i n g ,  i f  the  two p a r t i c l e  s i z e s  a r e  w i d e l y  

d i v e r g e n t .  M ix  a smal l  amount o f  t h e  powders i n  a j a r  and 

s i e v e  the r e s u l t i n g  m i x t u r e  a t  an i n  

p a r t i c l e  s i z e s  o f  t he  two powders. 

adher ing  t o  the  more coarse powder, 

s i e v e  b u t  w i l l  be r e t a i n e d  above t h e  

ermed 

f t h e  

t w i l  

s i e v e  

a t e  s i z e  between t h e  

f i n e  m a t e r i a l  i s  

n o t  f a l l  through t h e  

w i th  t h e  more coa rse  
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ORDERED OR RANDOM MIXING 435 

a bal  

t o  f o  

s i zes 

ma te r ia l .  When separat ion occurs, the system can be a l t e r e d  as 

o u t l i n e d  above and retested. When the p a r t i c l e s  are o f  equal 

s ize,  bu t  i n  the cohesive (and, therefore,  subsieve) range, i t  

can be assumed tha t  ordered mixing can occur (al though t h i s  w i l l  

depend on the mixer ) .  

C H O I C E  OF M I X E R  

1 .  Tumbling Mixers ( g r a v i t a t i o n a l )  

W i l l  produce random mixtures o f  f ree- f low ing  p a r t i c l e s  

which are  equal sized, equal dense and have s i m i l a r  shape and 

surface cha rac te r i s t i cs .  I f  any one o f  these fac to rs  i s  no t  

f u l f i l l e d ,  segregation w i l l  occur a t  an increasing r a t e  as the 

d i s s i m i l a r i t i e s  increase. I n  general,  except f o r  a r t i f i c i a l  

mixtures,  t h i s  type o f  mixer i s  no t  recomnended f o r  randomi- 

sa t ion .  They are good separators o f  d i s s i m i l a r  f ree  f low ing  

mater ia ls  and can be used as such. 

H igh ly  recommended f o r  ordered mixtures conta in ing  a 

la rge  propor t ion  o f  la rge  p a r t i c l e s  and a small propor t i on  o f  

f i n e  cohesive p a r t i c l e s .  Dead spots should be avoided. The 

la rge r  p a r t i c l e s  break down aggregates o f  f i n e  p a r t i c l e s  as i n  

m i  

m a  

a r e  

break up o f  agglomerated p a r t i c l e s  i s  required. 

For very f i n e  systems, tumbling mixers a r e  not recomnended, 

s ince there i s  i n s u f f i c i e n t  i n t e r n a l  a g i t a t i o n  to breakdown the 

agglomerated p a r t i c l e s .  Such agglomerates w i l l  tend t o  mix i n  

1 .  The f i n e  p a r t i c l e s  cohere t o  the l a rge  p a r t i c l e s  

h i g h l y  homogenous system (Ref. 10). As the p a r t i c l e  

reduced methods o f  i n te rna l  a g i t a t i o n  to  a s s i s t  the 
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436 YIP AND HERSEY 

a random fashion, rendering the corn 

waste and the mixture homogeneity wi 

should be attainable. 

nution process a costly 

1 be considerably less than 

2 .  Stationary mixers with internal agitation 

Probably the best type for random mixing of almst equal 

(in every sense) particulate systems, depending o n  both the 

type and degree of internal agitation. Segregation can be 

partially avoided by suitable choice of conditions, but will 

still occur on discharge etc. Can also be used for slightly 

cohesive systems. 

For ordered mixtures, probably suitable for the slightly 

cohesive systems of more equal proportions. 

Recomnended purchase as a general purpose mixer as it is 

capable of most jobs irrespective of system of mixing. 

3 .  Fluid-bed mixers 

Excellent mixers for the random mixing of non-cohesive 

dissimilar particles - whilst fluidized. Rapid segregation 

occurs on cessation of air-flow, unless particles are 

identical. 

Cohesive particles cannot be fluidized effective y. 

However, adhesive solutions can be added to the fluid zed bed 

to cause agglomeration and therefore ordered mixing. Use fo r  

free-flowing systems that are required to be mixed in an 

ordered fashion, using the fluid-bed granulation technique. 

Homogeneity is somewhat limited as the particle sizes .must be 

in the non-cohesive range initially. Alternatively, one 
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ORDERED OR RANDOM M I X I N G  437 

i n g r e d i e n t  can be added d i s s o l v e d  i n  the  g r a n u l a t i n g  s o l u t i o n .  

Th is  i s  sprayed o n t o  the c a r r i e r  p a r t i c l e s  and forms a coated 

s a t i o n )  o f  t h e  feed. The m ix ing  o p e r a t i o n  i s  sequen t ia l  and 

serves t o  des t roy  the  o r d e r  i n t roduced  a t  t h e  feed stage, 

e s p e c i a l l y  f o r  f r e e - f l o w i n g  p a r t i c l e s .  I n  some processes t h e  

m i x i n g  s t e p  c o u l d  be e l i m i n a t e d ,  b u t  t h i s  w i l l  depend on t h e  

constancy o f  t he  feed and the  s c a l e  of s c r u t i n y  r e q u i r e d  of t he  

m i x t u r e .  The e f f e c t  o f  t he  m i x i n g  o p e r a t i o n  i s  u s u a l l y  a 

randomisat ion process t o  overcome feed f l u c t u a t i o n s  and must be 

regarded as a seg rega t ing  process i f  t h e  m a t e r i a l s  a r e  d i s s i -  

m i  l a r .  

D I S C U S S I O N  

For a n y - g i v e n  powder m i x i n g  o p e r a t i o n  the re  i s  a c h o i c e  o f  

the b e s t  system and t h e  b e s t  m ixe r  t o  achieve the  end r e s u l t  - 
a d e s i r a b l e  degree o f  homogeneity. The o p e r a t o r  should be 

prepared n o t  o n l y  t o  cons ide r  t h e  choices a v a i l a b l e  t o  him, b u t  

t o  i n f l u e n c e  t h e  system t o  o b t a i n  the  b e s t  r e s u l t .  Ordered 

m i x i n g  has cons ide rab le  advantages ove r  conven t iona l  random 

m i x i n g  processes. 
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